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A two-step purification of methyImalonyl-CoA mutase from 
partially purified extracts of Propionibacterium shermanii 
has been achieved utilizing affinity chromatography on a 
column of immobilized vitamin B-^2 linked covalently to 
sepharose. Elution was accomplished with 0.1 M phosphate 
buffer (pH 7.0) supplemented with 0.5 M NaCl and increasing 
concentrations of coenzyme B^2- A total of 68 percent of 
the original enzymatic activity was recovered with a final 
specific activity of 24. A photoelectric scan on the Beckman 
Model E Ultracentrifuge at 44,000 rpm revealed that the 
enzyme was homogenous. 
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This reaction is significant in both the metabolism of 
pyruvate to propionate in Propionibacterium shermanii and of 
propionate to succinate in mammalian tissue (2). The produc¬ 
tion of propionic acid from pyruvate in Propionibacterium 
shermanii occurs via the following sequence of reactions (3). 
Pyruvate + Methylmalonyl CoA^zi» Oxaloacetate + Propionyl CoA (a) 
Oxaloacetate + Succinate (b) 
Succinate + Propionyl CoA^ ■. Succinyl CoA + Propionate (c) 
Succinyl CoAt—~Methylmalonyl CoA (d) 
Sum: Pyruvate + 4H—* Propionate 
Reaction (a) is catalyzed by methylmalony1-oxaloacetic 
transcarboxylase. Reaction (b) occurs through a series of 
steps involving the reduction of oxaloacetate to malate, con¬ 
version to fumarate, and subsequent reduction to succinate, and 
is coupled to the oxidative degradation of pyruvate to acetate 
and CC>2. The reactions are catalyzed by the enzyme malate 
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dehydrogenase, fumarase and succinate dehydrogenase, respec¬ 
tively. Reactions (c) and (d) are catalyzed by propionyl CoA 
transferase and methylmalonyl-CoA mutase. The methylmalonyl 
CoA is regenerated in this sequence and is recycled. 
Methylmalonyl-CoA mutase has been isolated and shown to 
be homogenous by both sedimentation velocity and electrophore¬ 
sis methods (1). The enzyme is relatively stable in the 
purified state and has a molecular weight of 56,000 (4). The 
mutase functions over a broad pH range with only small changes 
in activity between 6.0 and 8.0 (3). 
Interest in the enzyme, methylmalonyl-CoA mutase, was 
enhanced because of the high stability of the purified enzyme, 
its low molecular weight and the fact that vitamin B-^ (Fig- 1) 
in the form of its coenzyme is the only cofactor required for 
catalyzing the mutase reaction (5). Coenzyme B^2 was originally 
discovered as a cofactor in the conversion of glutamate to 
8-methylaspartate during studies of glutamic acid fermentation 
in an anaerobic bacterium, Clostridium tetanomorphum (6). 
Several reports have linked vitamin B^2 deficiency with 
pernicious anemia. Vitamin B^ is necessary for the development 
of normal erythrocytes. The most common cause of pernicious 
anemia results from insufficient absorption of vitamin B^2 
by the intestine due to the lack of a specific glycoprotein in 
gastric juice called the "intrinsic factor", which has a high 
binding affinity for vitamin B12 (7). Pernicious anemia can 
be controlled by injecting small amounts of vitamin B-^ into 
Fig. 1. Structure of Vitamin B12• 
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the blood, oral administration of intrinsic factor and by 
including liver in the diet (8). 
Methylmalonyl-CoA mutase is also implicated in the meta¬ 
bolic disorder, methylmalonic aciduria. Patients with this 
defect excrete excessive amounts of methylmalonic acid and 
propionic acid in the urine, showing that in such patients the 
coenzyme B^-clependent methylmalony 1-CoA mutase reaction is 
defective (9). 
The purpose of the present research was to ascertain a 
feasible procedure for purifying the bacterial methylmalony1- 
CoA mutase in a rapid manner and in high yields. This enzyme 
has previously been purified by chromatography on a cellulose 
column and ammonium sulfate fractionation. Since methylmalony1~ 
CoA mutase is very unstable in crude extracts, we decided to 
modify the conventional procedures by achieving a single step 
purification of the enzyme utilizing affinity chromatography. 
This approach to purify coenzyme B-^-dependent enzymes will be 
unique and should allow purification of several coenzyme B±2~ 
dependent enzymes reported in the literature, e.g., dioldehy- 
drase, glutamate mutase, ethanolamine deaminase and glycerol 
dehydrase. A pure methylmalony1-CoA mutase enzyme will allow 
studies to be performed on the nature of active subunits, amino 
acid composition, molecular weight and the rearrangement 
mechanism. 
Affinity chromatography offers an attractive technique for 
obtaining quantitative yields of highly purified enzyme which 
is beyond the scope of conventional purification procedures. 
This is a specific type of separation technique which takes 
advantage of the affinity of an enzyme, antibody or binding 
protein for its specific ligand, e.g., substrates, inhibitors 
and cofactors (10)(Fig. 2). 
When one of the components of the interacting system, 
i.e., the substrate, is covalently attached to a solid support, 
a specific adsorbent is obtained which can be used to selec¬ 
tively adsorb the enzyme from the medium. Extraneous proteins 
are washed away while the enzyme is bound to the adsorbent. 
Removal of the bound enzyme is accomplished by altering the pH, 
ionic strength, temperature or by adding protein dénaturants to 
the buffer. In some systems, addition of a competitive mole¬ 
cule of greater binding affinity will cause release of the 
bound enzyme. 
The principle of affinity chromatography has been known 
for more than twenty years. Campbell et_ aJ. (11) were the 
first to use this principle for the isolation of antibodies on 
a column of cellulose with covalently attached antigen. Af¬ 
finity chromatography was first used in the isolation of en¬ 
zymes by Lerman (12) in isolating tyrosinase on a column of 
cellulose with etherically bound resorcinol residues. In sub¬ 
sequent years the method of affinity chromatography was 
employed only rarely, the reason being the lack of suitable 
matrices for the attachment of ligands and the failure to im¬ 
mobilize these ligands at a sufficient distance from the 
Specific 
ligand molecule 
CII2 C1I2 CH2 
Connecting arm 
Protein adsorbed on the 
basis of its specificity 
and high affinity for the 
ligand molecule 
(ji 
Fig. 2. Principle of Affinity Chromatography. 
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matrix surface. 
According to Weetall and Filbert (13) an ideal matrix 
should possess a number of desirable characteristics. It 
should exist as a porous network to allow rapid movement of 
large macromolecules throughout its entire structure and be 
uniform in size and shape to exhibit good flow properties. 
The matrix surface should display little specific attraction 
for enzymes and contain a sufficient number of active groups 
suitable for the attachment of ligands. It should be mechani¬ 
cally and chemically stable to various conditions of pH, ionic 
strength, temperature, and the presence of dénaturants. 
Cuatrecasas and Anfinsen (14) have shown that beaded 
agarose derivatives (sepharose) fulfills many of the afore¬ 
mentioned "ideal adsorbent criteria." The porosity of beaded 
agarose derivatives readily permits easy entry and exit of 
large macromolecules. They also undergo substitution reactions 
with cyanogen halides (15). Polyacrylamide beads lack the poro¬ 
sity required to prepare efficient adsorbents for some high 
molecular weight enzymes, e.g., 8-galactosidase (16). The num¬ 
ber of chemically modifiable groups (carboxyamide) in polyacry¬ 
lamide beads allows a higher degree of ligand substitution than 
the number of groups that can be substituted on the agarose 
granular gels by the cyanogen bromide procedure (17). 
For successful purification by affinity chromatography, it 
is important that the ligand be located at a considerable 
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distance from the matrix surface to minimize steric inter¬ 
ference with the binding process. This is achieved by in¬ 
troducing a hydrocarbon chain between the ligand and the 
matrix surface (18). The presence of an extension is most 
important in situations that involve ligand-protein inter¬ 
actions of a low affinity and proteins of high molecular 
weight (16). This is clearly illustrated in studies of the 
purification of bacterial B-galactosidase which contained 
the competitive inhibitor p-aminophenyl-3-D-thiogalactopyra- 
noside coupled to derivatives of agarose in various ways (16). 
When the inhibitor was attached directly to the agarose sur¬ 
face, 3-galactosidase did not bind to the adsorbent. In con¬ 
trast, the insertion of a hydrocarbon chain (about 21 A°) 
facilitated strong and specific adsorption of the enzyme to 
the adsorbent. 
The choice of adsorption and elution conditions for the 
enzyme to be purified on an affinity column depends entirely 
on the optimum conditions between the ligand and the enzyme 
(19). 
Kalderon et_ a.1. (20) have described the isolation of 
acetylcholinesterase from electric eel by increasing the ionic 
strength of the buffer. A relatively strong inhibitor of the 
enzyme, E-aminocaproyl-p-aminophenyl-trimethylammonium bromide, 
was linked to agarose. Small amounts of the enzyme were ad¬ 
sorbed to relatively large columns - more than one third of 
the total enzyme activity was unexplainedly retarded. The 
material adsorbed was not removed after washing with a volume 
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of starting buffer equal to five times the column volume. 
It was eluted, however, by increasing the ionic strength 
(1 M NaCl) of the buffer. The enzyme eluted by this proce¬ 
dure was rather dilute achieving seventeen-fold purification. 
The adsorbed material can also be released from the af¬ 
finity adsorbent by adding protein dénaturants to the buffer. 
Cuatrecasas and Wilchek (21) isolated egg-white avidin (70% 
yield) on a column of sepharose with covalently attached bio- 
cytin in a single batch-type procedure. The binding of this 
protein to the adsorbent is extremely tight in this case, re¬ 
flecting the low dissociation constant of the complex in 
solution, 10-15 M (22). Elution requires the combined use of 
6 M guanidine-HCl and pH of 1.5. A major portion of the bind¬ 
ing energy of the complex is therefore retained in this insolu¬ 
ble derivative. This procedure can be used only if the ligand 
and the protein to be purified do not lose their activities in 
guanidine-HCl. 
The product to be isolated can also be released from the 
affinity adsorbent by altering the pH of the elution buffer. 
Porath and Sundberg (23) purified chymotrypsin and trypsin 
from a column of agarose with attached soya bean inhibitor. 
By using a pH gradient they were able to first release (at pH 
4.5) chymotrypsin from the complex of enzymes with the insolu¬ 
ble inhibitor. The dissociation of the complex of trypsin 
with the inhibitor was achieved at a lower pH. 
Affinity chromatography applies also to cases in which a 
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large peptide is immobilized in order to adsorb other pep¬ 
tides capable of selectively associating with it. Givol et_ 
al. (24) described a clever application of affinity chroma¬ 
tography which can be used to purify uniquely labeled pep¬ 
tides obtained during affinity labeling studies of enzymes. 
The native enzyme, linked to agarose by the cyanogen bromide 
procedure, is used to selectively adsorb the ligand-bound 
peptide present in the peptide mixture obtained by proteoly¬ 
tic digestion of the affinity-labeled enzyme. The success of 
this technique will depend on how well the native enzyme will 
recognize the ligand after it has been altered by covalent 
linkage to a peptide. The investigators (24) demonstrated the 
usefulness of the procedures with studies on affinity labeling 
of pancreatic RNase and of goat anti-DNP antibodies. Wilchek 
(25) used the same methods to purify labeled peptides derived 
from affinity labeling of staphylococcal nuclease with 
bromoacetyl-substrate analogs (26). 
MATERIALS AND METHODS 
Sodium pyruvate, Tris-HCl, coenzyme-A, succinic acid, 
DEAE cellulose, dithioerythritol, malate dehydrogenase, 
nicotinamide adenine dinucleotide, reduced form (NADH), and 
glutathione were obtained from Sigma Chemical Company, St. 
Louis, Missouri. Coenzyme B^2. Bovine serum albumin, and 
vitamin B-^ (cyanocobalamin) from Calbiochem, La Jolla, Cali¬ 
fornia. DEAE sephadex, sephadex G-25 and sepharose 4B from 
Pharmacia, Piscataway, New Jersey. Dowex 50 H+ form (200 - 
400 mesh) from Dow Chemical Company, Midland, Michigan and 
3,3'-diaminodipropylamine from Eastman Kodak Company, Roches¬ 
ter, New York. All other chemicals were of reagent grade and 
were obtained commercially. 
Culture Procedures 
Growth of organism used.--Propionibacterium shermanii was 
grown in stationary culture on a glucose-yeast extract medium 
as described in a previous publication by Wood et al. (27) 
with the modification that fermentation was conducted at 23° 
with 1 liter of medium in ten 2800 ml Fernbachs flasks fitted 
with cotton stoppers. Five milliliters of a vigorously ferment¬ 
ing culture of Propionibacterium shermanii was used as the 
inoculum. The cells were collected on the fifth day with the 
aid of a refrigerated Beckman J-21B centrifuge. The yield was 
1.5-2.0 g (wet wt.) of cells per liter of medium. 
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Preparation of culture medium.—Composition of the glu¬ 
cose-yeast extract medium for Propionibacterium shermanii 






KH2PO4 2.66 Calcium Pantothenate 0.001 
K2HPO4 4.00 Thiamine Hydrochloride 0.001 
Bacto-yeast extract 3. 33 D-Biotin 0.666 mg 
C0(N03)2-6H20 0.01 Glucose, anhydrous 5.000 
All the components were mixed in distilled water and 
autoclaved together with the exception of glucose, which was 
autoclaved separately in distilled water and added to the 
sterile medium at the time of inoculation. 
Autoclaving for 30 min at 15 psi is suitable for 
sterilizing both the glucose solution and the growth medium. 
Assay for Methylmalony1 CoA-Mutase Activity 
Standard reaction medium for methylmalonyl-CoA mutase.-- 
Methylmalonyl-CoA mutase was assayed spectrophotometrically in 
the crude extract, as well as during purification, by means of 
a series of coupled enzymic reactions. The assay is slightly 
modified from the conventional assays previously reported 
(3,4,5) in that succinyl CoA was generated in the reaction 
system using coenzyme A as the CoA donor. The coupled reac¬ 
tions are as follows: 
CoA 
transferasev 
Coenzyme A + Succinate ><;  Succinyl CoA (e) 
mutase 
b12 
Succinyl CoA (R)-methylmalonyl-CoA (f) 
racemase 
(S)-methylmalonyl-CoA (g) (R) -methylmalonyl-CoA v 
transcarboxylase ^ 
(S) -methylmalonyl-CoA  — Propionyl CoA + (h) 
oxaloacetate 
malate DHase ^ 
oxaloacetate + NADH v—  NAD + malate (i) 
Reactions (e),(f),(g) and (h) were incubated for 15 min 
at 23°. The standard reaction mixture contained the following 
in a final volume of 1.0 ml: 10 ymoles sodium pyruvate, 50 
ymoles Tris-HCl (pH 7.5), 2 nm coenzyme B-^2 > 2.5 ymoles co¬ 
enzyme A, 0.1 M succinate, and 2.5 ymoles glutathione. The 
reaction was initiated by adding the mutase sample and was 
stopped by adding 0.4 ml of 10% trichloroacetic acid. The 
deproteinized solution was kept at 1° in an ice bath for 10 
min and centrifuged. The oxaloacetate formed in the reaction 
was determined by adding 0.5 ml of the trichloroacetic acid 
extract to 0.4 M Tris base, 75 ymoles Tris HCl (pH 7.5), and 
0.3 ymoles NADH. The reaction was started by adding an excess 
of malate dehydrogenase (0.5 units). 
Readings were taken at intervals of 15 sec for 5 min at 
2 3° with the Hitachi-Digital Spectrophotometer. The blank, 
lacking the mutase enzyme gave a reading of 0.01 units/min and 
was subtracted from the value of the complete assay. 
Definition of enzyme unit.—One enzyme unit is defined as 
that amount catalyzing the oxidation of 1 ymole of NADH per 
mm. 
14 
Isolation and Purification of Methylmalonyl- 
CoA Mutase 
Preparation of cell-free extract (step 1).—Six grams of 
cells, wet weight (obtained from culture procedures), plus 6 g 
of washed glass beads were suspended in 3 ml of 0.3 M phos¬ 
phate buffer containing 1 mM dithioerythritol. The mixture 
was subjected to sonication in a Raytheon sonic oscillator 
(10 kc) at maximum speed for 10 min. The sonicate was cen¬ 
trifuged in a refrigerated Beckman J-21B centrifuge at 6,000 
x g for 15 min at 4°. The residual beads and cell debris 
were resuspended in 6.0 ml of the same buffer and the sonica¬ 
tion was repeated. The resulting material was centrifuged as 
described above. The two combined supernatant solutions were 
centrifuged at 25,000 x g for 45 min giving 12.0 ml of a high 
speed supernatant fraction designated as crude extract. 
Adsorption on DEAE-cellulose and batch elution (step 2).— 
Methylmalonyl-CoA mutase was adsorbed by DEAE cellulose from 
50 mM phosphate buffer, pH 6.8. Ten ml of extract from step 1 
was diluted 6 times with cold distilled water to 60 ml and 
then 33.0 g of moist filtered DEAE-cellulose was added to it. 
The mixture was stirred at 0° for 1 hr, then a small portion 
was centrifuged and the mutase activity determined in the 
supernatant solution. A control assay without addition of 
the mutase preparation served as blank. After all the enzyme 
had been adsorbed, the mixture was filtered on a Buchner fun¬ 
nel at 4° using Whatman no. 4 filter paper. 
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The filtered DEAE-cellulose was suspended in 60 ml of 
0.1 M phosphate buffer (pH 6.8), stirred for 20 min at 0°, 
and again filtered. The filtrate was assayed and showed no 
mutase activity. Two washes of 0.3 M phosphate buffer (pH 
6.8), were used to elute the mutase enzyme from the DEAE- 
cellulose. The first wash was with 65 ml, and the mixture 
was stirred for 1 hr at 0°. The mixture was filtered and 
centrifuged as described previously, and the washing repeated 
with 55 ml of buffer and stirred for 30 min. 
The combined 0.3 M eluates were centrifuged as described 
above and a small portion assayed for mutase activity. The 
mutase activity was recovered in the 0.3 M buffer eluate with 
a 2-fold increase in the specific activity (Table 1). 
Purification of Methylmalonyl-CoA Mutase 
by Affinity Chromatography 
Preparation of vitamin B12~sepharose affinity adsorbent. -- 
The monocarboxylic acid derivative of vitamin B12 was prepared 
and coupled to the free amino group of 3,3'-diaminodipropylamine 
substituted cyanogen bromide activated sepharose by Dr. V. V. 
Murthy (28), utilizing the procedure of Allen and Majerus (29), 
as illustrated in Fig. 3. 
Adsorption and elution of methyImalonyl-CoA mutase to the 
affinity adsorbent.—The 120 ml of 0.3 M phosphate DEAE-cellu¬ 
lose eluate from step 2 was diluted 3 times with cold distilled 
water to a final concentration of 0.1 M phosphate and applied 
to a column (1x6 cm) of vitamin Bi2-sepharose which was 
Table 1. 2-Methylmalonyl-CoA Mutase from Propionibacterium shermanii Purification Scheme. 
Concn. of Protein Specific Ac- Purificat 
enzyme Vol Total Concn. tivity (units/ Factor 
Step (units/ml) (ml) Units (mg/ml) mg protein) (Fold) 
Bacterial Extract 0.149 10 1.49 3.26 0.04 1.00 




H 9 0.204 2.5 0.510 0.016 12.75 318.75 
#3 0. 365 2.0 0. 730 0.017 21.47 536.75 
#4 0.418 2.0 0.836 0.015 27.86 696.50 
# 5 0. 333 0. 7 0.233 0.015 22.20 555.00 
#6 0. 180 2.8 0.504 0. 016 11.25 281.25 
#7 0. 156 4.5 0.702 0.014 11.14 278.50 
Pooled Fractions 
#3, M, #5 0.405 2.5 1.0125 0.017 23. 82 595.5 
1 Activation and Derivatization of Sepharose Beads 
(A) CNBr 
Sepharose Beads £ Activated Sepharose 
3,3'-Diaminodipropylamine 
A-NH-CH2CH2CH2NHCH2CH2CH2-NH2 
2 Preparation of Vitamin B^2 Monocarboxylic Acid 
H+ 
R-CH2CH2CONH2  > R-CH2CH2COOH 
Dark 
Vitamin B12 Vitamin B-^2 Monocarboxylie Acid 
3 Coupling Reaction to Generate the Affinity Ligand, Vitamin B^9-Sepharose 









Fig. 3. Preparation of Vitamin B^2~Sepharose for Affinity Chromatography 
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equilibrated with 0.1 M phosphate buffer (pH 7.0). After all 
the sample had passed through, the column was rewashed with 
the same buffer. The non-specifically bound proteins were 
removed by washing the column extensively with 0.1 M phosphate 
buffer (pH 7.0) containing 0.5 M NaCl until no further protein 
could be detected in the eluate. The bound enzyme was then 
selectively eluted using 0.1 M phosphate buffer (pH 7.4) 
containing 0.5 M NaCl and 0.1 mM coenzyme Bp2- 
In previous experiments the column was washed with 0.1 M 
glycine buffer (pH 10.0) prior to eluting the selectively 
adsorbed enzyme. This procedure proved extreme and affected 
the quantitative recovery of the enzymatic activity. In sub¬ 
sequent experiments, this washing was replaced with 0.1 M 
phosphate buffer (pH 7.0) supplemented with 0.5 M NaCl. 
RESULTS 
Methylmalonyl-CoA mutase prepared from Propionibacterium 
shermanii was purified to homogeneity in a two-step procedure 
utilizing the principles of affinity chromatography. The en¬ 
zyme preparation obtained from DEAE-cellulose by batchwise 
adsorption (see "Materials and Methods") was diluted threefold 
to 0.1 M phosphate and applied to a column of vitamin B]_2“ 
sepharose. The column which was equilibrated with 0.1 M phos¬ 
phate buffer (pH 7.0) was effective in retarding methylmalonyl- 
CoA mutase in the column. Elution was achieved with 0.1 M phos¬ 
phate buffer (pH 7.4) containing 0.5 M NaCl and 0.1 mM coenzyme 
Bi2- Fractions were collected in 2.0 ml portions. Each frac¬ 
tion was dialyzed extensively to remove the intact coenzyme and 
then assayed for enzyme activity. Fractions containing the 
highest specific activity were pooled and again assayed. When 
the purified methyImalonyl-CoA mutase was assayed under the 
conditions previously described (see "Materials and Methods”) 
the rate of NADH oxidation was linear with time and directly 
proportional to the concentration of methyImalonyl-CoA mutase 
added (Fig. 4) with a protein concentration linear between 0 
and 0.015 mg/ml (Fig. 5). The mutase preparation described 
herein was obtained as a colorless preparation with a specific 
activity of 23.8 and activity two times greater than that of 
previously reported preparations. The recovery was 68 percent 


















































0 0.005 0.010 0.015 
Protein Concentration (mg/ml) 
Fig. 5. Methylmalonyl-CoA mutase activity as a function 
of protein concentration. 
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The overall scheme for the purification of methylmalonyl- 
CoA mutase is shown in Table 1. It was devised so as to see 
the progress of purification through the different stages: 
1. To assess the efficiency of the different steps, it 
was found necessary to multiply the volume of a par¬ 
ticular fraction by the concentration of the enzyme. 
By multiplying units/ml by the volume of that fraction, 
the product from this operation is the total units. 
2. The measure of purity of the enzyme preparation is 
expressed as specific activity. Specific activity is 
defined as units of enzyme per milligram of protein. 
Specific activity was obtained when the enzyme activi¬ 
ty (units/ml) was divided by protein content (mg/ml) 
of the particular purification step. 
3. The percent yield of product for each purification 
step is an essential criteria for purification schemes. 
By using the first figure entry in the total units 
column as being equivalent to 100 percent, the follow¬ 
ing purified preparations overall yield are directly 
proportional to this ratio. 
4. The protein content was measured spectrophotometrically 
in the crude extract and purified preparation by the 
biuret procedure described by Layne et aJ. (30). For 
purified preparations, the protein concentration was 
also determined from the absorbance at 280 and 260 nm. 
Preliminary experiments on the Beckman Model E Ultra¬ 
centrifuge at 44,000 rpm revealed that the enzyme 
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fraction at this stage of purification (obtained after 
affinity chromatography) was homogenous (Fig. 6)(33). 
The sensitivity of the photoelectric scanner was 
amplified to detect minute contaminated proteins: 
none were observed (Fig. 7)(33). 
5. The degree of purification is calculated by dividing 
the specific activity of the purified fraction by the 



















Fig- 6- Photoelectric scan of methylmalonyl-CoA mutase enzyme 6 hours after 


















Fig- 7. Photoelectric scan of methylmalonyl-CoA mutase enzyme 24 hours after 
centrifugation on the Beckman Model E Ultracentrifuge. The sensitivity 
of the photoelectric scanner was amplified to detect minute contaminated 
proteins. None were observed. 
DISCUSSION AND CONCLUSION 
Affinity chromatography offers a convenient single step 
procedure for purifying enzymes from various sources. To 
isolate an enzyme from other proteins by this method, its 
specific ligand is covalently attached, by means of an appro¬ 
priate chemical reaction, to a functional group on the surface 
of an insoluble porous column material, e.g., the polysaccha¬ 
ride agarose, which allows protein molecules to pass freely. 
In the experimental procedure an extract containing the enzyme 
to be purified is passed through a column containing the ligand- 
derivatized agarose particles. The affinity of the enzyme for 
the ligand results in its binding to the column while the re¬ 
maining proteins in the mixture pass through with the eluate. 
The column is washed to remove non-specifically bound proteins 
and then selectively eluted to release the bound enzyme in a 
purified form. 
Initial attempts to purify methylmalony1-CoA mutase uti¬ 
lizing these procedures have been most successful. The co¬ 
enzyme analog, vitamin B-j^ coupled to 3,3 '-diaminodipropyl amine 
substituted sepharose, has proven effective in adsorbing methyl- 
malonyl-CoA mutase when applied at a pH of 6.8. Elution of 
the enzyme from this adsorbent was accomplished by using 0.1 M 
phosphate buffer (pH 7.4) containing 0.5 M NaCl and 0.1 mM co¬ 
enzyme B^2> The recovery was 68 percent of the total activity 




The elution of vitamin B-^-binding proteins adsorbed onto 
vitamin B-^-sepharose has been studied in detail only with 
respect to granulocyte vitamin B^-binding protein, trans- 
cobalamin II from human plasma, and hog gastric mucosa vitamin 
Bi2“binding proteins (28). In each case the investigators were 
able to elute greater than 80 percent of the adsorbed vitamin 
B-^-binding proteins with 7.5 mM guanidine-HCl containing 
0.1 M potassium phosphate, pH 7.5. 
Other potential uses of vitamin B-^-sepharose would be to 
serve in isolation of various enzymes which carry vitamin B^- 
derivatives as prosthetic groups. In this case the enzymes 
might be eluted from columns by any technique which removes the 
prosthetic group (28). 
Previous attempts to utilize affinity chromatography for 
isolation of vitamin B-j^-binding proteins have met with limited 
success. Grasbeck et aJ. (31) were unable to elute trans- 
cobalamin II from a derivative of vitamin Bp2 attached to 
cellulose and sephadex. Recently, Olesen et_ aJ. (32) reported 
the preparation of an affinity adsorbent in which vitamin Bq2 
was covalently attached to albumin using a carbodiimide and 
this derivative was attached subsequently to bromoacetylcellu- 
lose. The yield of vitamin B-^2-bound was only 0.065 ymole of 
vitamin B12 attached per gram of cellulose, which is over ten¬ 
fold less than that obtained in the preparation of vitamin Bq2~ 
sepharose (0.68 ymoles). The linkage of the vitamin B-^2 to 
27 
albumin was presumably through the phosphate group of the 
nucleotide moiety of vitamin B-^. This derivative was tested 
as an affinity adsorbent using gastric juice and serum and 
was found to bind 30 percent and 80 percent, respectively, of 
the vitamin B-^-binding proteins in these extracts. The re¬ 
covery after elution from the affinity adsorbent was only 12 
percent for the gastric binder and 58 percent for the serum 
vitamin Bp2-binding proteins. 
Vitamin Bp2 can be coupled to 3,3'-diaminodipropylamine 
substituted sepharose to form an effective affinity chroma¬ 
tography adsorbent for the purification of methyImalonyl-CoA 
mutase. This adsorbent can be used several times without 
appreciable loss of binding ability. Methylmalony1-CoA mutase 
remains active while bound to the column and it can be 
readsorbed and eluted without apparent deleterious effects. 
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